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for Atherosclerosis Obliterans
C. O¨zbek,* M. Kestelli, B. Emrecan, I˙. O¨zso¨yler, K. Bayatli,
H. Yas¸a, B. Lafci and A. Gu¨rbu¨zDepartment of Cardiovascular Surgery, Ataturk Education and Research Hospital, I˙zmir, TurkeyObjective. Lower limb arterial occlusion with no patent distal artery suitable for revascularisation is a common problem.
The aim of this study was to assess the role of revascularisation to distal veins (ascending venous arterialization) in patients
not reconstructable by conventional bypass.
Method. Ascending venous arterialization is a distal arteriovenous fistula. Reversed great saphenous vein grafts, from
above the knee, were anastomosed to the common femoral artery, superficial femoral artery or popliteal artery and distally to
the saphenous vein at the level of medial malleolus. No intervention was done to destroy the venous valves. The great
saphenous vein was ligated below the knee. In this way, oxygenated blood could reach to dorsal venous arch and the tissues
below the knee in an ascending fashion through the great saphenous vein, which was not removed.
Results. All of the patients recovered immediately after the operation. The lesions on the feet and on the toes of the patients
improved in a short time. Intermittent claudication of the patients disappeared. Strong pulses were detected on the dorsal
venous arch with manual Doppler in 3 weeks. The below knee tissues were perfused with the applied technique.
Conclusion. Ascending venous arterialization can be applied for limb salvage to the patients who do not have a suitable
arterial bed to revascularize with conventional techniques.Keywords: Atherosclerosis obliterans; Ascending venous arterialization.Introduction
In 14–20% of the patients who have peripheral arterial
occlusive disease, there is not any convenient distal
arterial bed for a revascularization procedure.1,2 Most
of these patients are confronted with amputation.
Bypass procedures to the inframalleolar arteries and to
the branch arteries of the popliteal artery have the
risks of early graft occlusion and amputation although
some authors report satisfactory results.3 Thoughts on
using the venous system, which is not affected by
atherosclerosis, as an alternative way for distal
perfusion are based on the ancient times.4 In this
study, we examined a new technique whereby the
venous system works as an arterial bed for perfusion
of the extremity.ation of this manuscript was presented in the 52nd
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We operated on seven patients using the technique of
ascending venous arterialization (AVA). The patients
had end stage arteriosclerosis obliterans (ASO) with
vascular beds not suitable for revascularization. Six
patients were male and one was female. Average age
of the patients was 59.5 years (between 43 and 76 years
of age). Five patients (66%) had hypertension, three
patients (40%) had diabetes mellitus and four patients
(53%) had hyperlipidemia. Three patients were smo-
kers. Six of the patients had coronary artery disease
(five confirmed on coronary angiography, four pre-
vious coronary artery bypass). Four patients had
previous failed peripheral arterial interventions. All
of the patients suffered severe ischemic rest pain.
Three patients had ischemia-induced ulcers. Four
patients were classified as Fontaine III whereas three
were classified as Fontaine IV.4
All of the patients were evaluated with the
peripheral angiography, venography and venous
colour duplex of both lower limbs. None of the
patients had aortoiliac occlusions and all of theEur J Vasc Endovasc Surg 29, 47–51 (2005)
doi:10.1016/j.ejvs.2004.09.027, available online at http://www.sciencedirect.com onved.
C. O¨zbek et al.48patients had patent femoral arteries. Six patients had
popliteal arterial occlusions. One patient had multiple
stenoses of the superficial femoral artery. Venographic
evaluation had shown normal venous system in all of
the patients (Table 1). The preoperative peripheral
angiography of one of the patients is seen in Figs. 1
and 2. The decision making for this technique was
undertaken by four experienced cardiovascular sur-
geons with informed consent obtained from the
patients. The patients were re-assessed on the 1st,
2nd and 3rd weeks; 1st, 3rd and 6th months and 1st
year after the operation.Surgical technique
All of the operations were carried out under general
anesthesia. Saphenous vein graft was used as the
bypass conduit. In six patients, the saphenous vein
grafts were prepared from the ipsilateral limbs
beginning from just below the up to the saphenofe-
moral junction. The below knee saphenous vein was
not removed and used for ascending venous arter-
ialization. The saphenous vein graft was taken from
the contralateral limb in one of the seven patients.
After preparation of the vein graft, the inflow artery
was prepared. The proximal end of the saphenous
vein graft was anastomosed to the arterial inflow point
in an end to side fashion. The inflow arteries were the
common femoral artery in one patient, the superficial
femoral artery in five patients and the popliteal artery
in one patient. After the proximal anastomosis was
completed, the saphenous vein graft was brought to
the level of medial malleolus through a tunnel
prepared under the skin. Just before the distal
anastomosis, a 3F Fogarty catheter was gently passedFig. 1. Preoperative angiography of a patient showing the
arterial system above the knee level.
Eur J Vasc Endovasc Surg Vol 29, January 2005through 7–8 cm to the dorsal venous arch system of the
foot to check for the venous valves. No valve making a
barrier to the passage was met. The distal end of the
saphenous vein graft was anastomosed to the saphe-
nous vein at the level of medial malleolus in an end to
side fashion (Fig. 3). A thrill was palpeable at the distal
anastomosis site immediately after completion of the
operation. Backflow was confirmed in the saphenous
vein at the knee and the vein ligated at this level. The
subcutaneous tissues over the distal anastomosis were
freed in order to avoid compression on the anasto-
mosis. Pulses were detected manually on the dorsal
venous arches of five of the patients immediately after
the operation.Results
Ischemic rest pain disappeared on the first post-
operative day in all of the patients with this technique.
There was not any early or late postoperative
mortality. There was not a necessity for extremity
amputation in any of the patients (Table 2). The
patients were discharged with aspirin and clopidogrel
treatment. During follow-up it was noted that all
wounds healed successfully, rest pain had resolved
and patients reported a significant increase in exercise
tolerance with mild intermittent claudication. Strong
pulses became evident at the end of the 3rd week of
operation on the toes of four patients with manual
Doppler. Pretibial oedema occurred in all of the
patients. But the calf diameter differences were not
more than 2–3 cm. No cyanosis was encountered in the
patients. Pulses were palpated on the reversed
saphenous vein grafts and on the saphenous veins at
the level of the medial malleolus. Well heard pulses
were detected with manual Doppler over the distal
anterior and posterior tibial arteries. The ischemic
ulcers of the three patients recovered in 3 weeks after
the operation (Fig. 4).
All of the patients were examined with venous
colour duplex on their fourth and fifth follow-up visits
at the end of 1st and 3rd months. Examinations
revealed increased flow in the small saphenous veins
and deep veins. Peripheral angiography was per-
formed on all of patients at the end of the 6th month.
The angiograms showed patent grafts with arterializa-
tion of the dorsal venous arch and crural veins. The
postoperative angiogram of one of these patients is
seen in Figs. 5 and 6. Three of the seven patients have
been followed-up to 1 year. These patients are free
from intermittent claudication and do not have any
other vascular complaint.
Table 1. Preoperative data of the patients
Preoperative data Peripheral arteriography Venography
Patient Sex Age
(year)
Rest
pain
Ischemic
lesions
Aorta
iliac
occl.
Com Fem
art. occl.
Supf Fem
art. occl.
Popl
Art.
occl.
Normal
venography
1 M 50 C C K K K C C
2 F 76 C K K K K K C
3 M 71 C K K K C C C
4 M 59 C K K K K C C
5 M 60 C K K K K C C
6 M 43 C C K K K C C
7 M 58 C C K K K C C
M, male; F, female.
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Amputation of an extremity not only worsens the
quality of life of a patient but is also associated with
high mortality. For this reason, we investigated the
arterialization of the distal venous system as an
alternative for lower limbs that could not be revascu-
larized with the conventional methods.
Taylor and coworkers had reported hopeful results
in their study concerning 18 patients to whom they
had made dorsal venous arterialization using vein
graft or synthetic graft. They concluded in their study
that venous valves should be destroyed.5 Sheil
reported a 50% success rate, with worse results if the
venous valves were not destroyed.6 Pokrovski and
coworkers reported using metallic olives to destroy
the venous valves without direct vision in 85 cases.7
However, Taylor and coworkers reported poor results
using this technique of valve destruction. They
emphasized that valves had to be destroyed under
direct vision.5 In our study, a 3F Fogarty catheter wasFig. 2. Preoperative angiography of the same patient
showing the arterial system below the knee level.passed and no venous barrier was met in any of the
seven patients.
Unlike other investigators, we ligated the saphe-
nous vein just below the knee to enable arterial blood
to be distributed to the below knee veins through the
Cocketts I, II, III and Boyd perforating veins.8 WeFig. 3. Schematic illustration of the operation [(1) femoral
vein, (2) popliteal vein, (3) small saphenous vein, (4)
tibioperoneal veins, (5) dorsal venous arch, (6) superficial
palmar arch, (7) deep palmar arch, (8) common femoral
artery, (9) deep femoral artery, (10) superficial femoral artery,
(11) popliteal artery, (12) posterior tibial artery, (13) peroneal
artery, (14) anterior tibial artery, (15) proximal anastomosis of
the ascending venous arterialization procedure, (16)
reversed saphenous vein graft, (17) ligated end of the great
saphenous vein, (18) distal anastomosis of the ascending
venous arterialization procedure, (19) medial malleolus].
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Fig. 4. Recovery of the ischemic ulcer of a patient. The lesions
had been progressively growing for 2 months despite
medical treatment. (A) The lesions on the plantar region
and on the toe of the patient at the end of the first week of
operation. (B) Recovery of the lesions at the end of the first
month of operation.
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Eur J Vasc Endovasc Surg Vol 29, January 2005believe that continuity of the newly generated flow is
maintained by these perforating veins and the com-
municating veins, enabling perfusion of the calf and
distal tissue. For this reason, we named this technique
‘ascending venous arterialization’ instead of ‘distal
venous arterialization’. Using this technique, we
believe the risk of oedema and heart failure is reduced
by prevention of overflow of arterial blood to the
dorsal venous system. Postoperative colour duplex
demonstrated increased flows in the small saphenous
veins and deep veins suggesting flow were distributed
by the perforating veins and the venous network.
Disappearances of the patients’ complaints showed
that the flow was distributed to the capillary bed.
Presence of venous valves in the venules of 0.15 mm
diameter might prevent perfusion of the foot but we
are in the opinion that these valves cannot resist highFig. 5. Postoperative angiography of the same patient
showing the patent graft.
Fig. 6. Postoperative angiography of the same patient
showing the dorsal venous arterialization and ascending
venous arterialization.
Ascending Venous Arterialization 51pulsatile flow pressure and so the tissues can be
perfused.9 There are arteriovenous anastomoses
between the arterioles and the venules so this can
allow tissue perfusion.10 High pressure oxygenated
blood in the venules pass to the arterioles. Normally a
200 mm arteriole drains to 12–20 capillaries which
inturn drains to two 400 mm venules.11,12 We believe
that capillaries can take enough blood from the venous
system.
Partsch using the ‘Bier’s occlusion technique’,
showed that retrograde injected drug reached high
tissue concentration in spite of intact venous valves.13
The vascular system cannot be taken as a simple pipe
system. Mann suggested that ‘blood goes to where
there is necessity’.14 Carbon dioxide, lactic acid,
adenosine, histamine, hydrogen ions, potassium and
nitric oxide (produced in the ischemic area) control
capillary flow.15
Arterioles have muscular layers that are thicker
than those of the venules and both are controlled by
the sympathetic nervous system. Bjo¨rnberg studied
metabolic control of vascular resistance that is gener-
ated by electrically stimulated nerves. He found a
decrease in arterial pressure, increase in venous
pressure, decrease in resistance of proximal arterioles,
decrease in microarteriolar resistance and increase in
resistance of venules.16 For this reason, changes in the
arteriolar, capillary and venous system in the reversed
circulation will require the extremity to adapt to this
new condition. But what these changes will be and
how long these adaptations will take requires further
study.The distal arteries were not explored in our patients
because no vessel was seen on angiography and we
wanted to avoid possible trauma to the collateral
inflow. Using our technique, oedema and heart failure
is unusual. We conclude that ascending venous
arterialization and dorsal venous arch arterialization
are options for patients with lower limb critical
ischemia that cannot be revascularised by convention-
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